Schlumpf et al. (1) reported on the in vitro and in vivo "estrogenicity" of six ultraviolet (UV) filters: benzophenone-3 (Bp-3), homosalate (HMS), 4-methyl-benzylidene camphor (4-MBC), octyl-methoxycinnamate (OMC), octyl-dimethyl PABA (OD-PABA), and butyl-methoxydibenzoylmethane (B-MDM). The authors concluded that "UV screens should be tested for endocrine activity, in view of possible long-term effects in humans and wildlife."
There is international consensus that in vitro data should serve only for screening purposes and that they are not suited for conclusions regarding risk assessment. The interpretation of the in vivo data presented is very much hampered by the fact that Schlumpf et al. (1) used nonstandard and non-GLP protocols, although official guidelines have been issued (2) . Specifically, we refer to Schlumpf et al.'s choice of unusual rat strains (Long-Evans and Nu rats) for the uterotrophic assay and to the mode of dermal administration (pups were totally immersed in oily solutions of the test compound). Because of the administration protocol used by Schlumpf et al. (1) , the calculation of the absorbed dose after dermal exposure remains obscure. Also, the time of administration of the test compounds (postnatal day 26) was very close to or at the onset of puberty in most rat species.
Following established protocols and GLP procedures, a uterotrophic assay was performed in Sprague-Dawley rats (the standard strain) using three daily doses of 10, 100, or 1,000 mg/kg 4-MBC subcutaneously (3); no uterotrophic response was observed. In another uterotrophic assay (4), Bp-3 and OMC were tested in female immature Wistar rats. Bp-3 was administered in four oral doses of 500 and 1,000 mg/kg/day, and OMC was applied in three oral doses of 500 and 1,000 mg/kg/day; no uterotrophic effect was observed (4) . Strain variations such as these are not entirely unusual.
According to Table 3 of Schlumpf et al. (1) , effective oral doses (uterotrophic effect) were 0.342 µg/kg/day ethinylestradiol, 119 mg/kg/day 4-MBC, 1,035 mg/kg/day OMC, and 1,525 mg/kg/day Bp-3. The lower doses tested, (i.e., 0.085 µg/kg/day ethinylestradiol, 66 mg/kg/day 4-MBC, 522 mg/kg/day OMC, and 937 mg/kg/day Bp-3) must be regarded as no-hormonaleffect levels (NHELs), based on the data of Schlumpf et al. (1) . The effect of Bp-3 (called "weak" by the authors) appears in a range above the "limit dose," according to current Organisation for Economic Cooperation and Development guidelines (2) . A very weak effect of Bp-3 is not considered contradictory with negative findings in other studies (5) , and it appears consistent with an estrogenic effect of the minor Bp-3-metabolite p-hydroxy-benzophenone (6) , which comprises ≈1% of a benzophenone dose in rats (7) .
Although the data of Schlumpf et al.
(1) are in contrast to findings of others and have technical shortcomings, they can nevertheless be incorporated into risk assessment scenarios leading to worst-case views. We used the data presented by Schlumpf et al. in their Table 3 (1) as the basis of two assessments: a) we calculated a traditional margin of safety (MOS) based on the NHEL observations of Schlumpf et al., and b) we compared the estrogenic load that might be imposed on the human organism by the UV filter compounds under consideration with the estrogenic load imposed by phytoestrogens in the normal diet [hygienebased margin of safety (HBMOS)] (8).
Official exposure scenarios for 4-MBC and OMC have been described by the Scientific Committee of Cosmetic Products and Non-Food Products (SCCNFP) of the European Union as a basis of associated risk assessments (9, 10) .
The effects of Bp-3 in the study by Schlumpf et al. (1) are very much borderline if one considers that they are observed only at doses above the limit dose. Hence, the subsequent assessments are restricted to the two compounds (4-MBC and OMC) for which uterotrophic effects at lower doses have been reported by Schlumpf et al. (1) .
With regard to human toxicity, experimentally based no-observed-adverse-effect levels (NOAEL) are the toxicologic key element. In contrast to other approaches, the MOS methodology of the European Union does not make use of numerically fixed assessment factors; the MOS is calculated by comparing the level of human exposure (estimated to a large extent by modeling) with the NOAEL from animal experiments.
Application of this concept to hormonally active compounds (endocrine modulators) is easily possible if the hormonal effect is considered the critical toxicity; this would mean that NHELs could serve as specific substitutes of the NOAEL (11) . In principle, this avenue of thinking has been advanced from the scientific side in discussions concerning regulations of hormonally active growth promoters in meat (12) .
An MOS can be derived by comparing the NHEL data of the two substances 4-MBC and OMC from The dietary intake figures of estrogenic isoflavones have been assessed in our laboratory (8) ; data in the published literature are in general support of the scenario of the Senate Commission on the Evaluation of Food Safety of the Deutsche Forschungsgemeinschaft (SKLM) (13) , which arrived at a human daily intake of isoflavones in the order of 1 mg/kg body weight.
Relative estrogenic potency assessment figures based on in vivo studies of 4-MBC and OMC, in relation to isoflavones (e.g., daidzein), can be derived from a synopsis of the results of the uterotrophic assays by Schlumpf et al. (1) (shown in their Table 3 ; the potencies of 4-MBC and OMC compared to that of ethinylestradiol) and by Bolt et al. (8) . The latter data refer to uterotrophic assays by Diel et al. (14) that compare the potencies of the phytoestrogen daidzein and the reference compound ethinylestradiol, as well as other compounds.
Based on the concept of "dose additivity" for combinations of similarly acting compounds (15), Schlumpf et al. (1) provide data in their Table 3 Table 2 provides a summary of these calculations. The calculations 1 and 3 are based on the data set of Schlumpf et al. (1) , and calculation 2 is the official assessment of the SCCNFP (9,10).
The risk assessment data seem to be consistent with each other. Thus, it must reasonably be concluded that, considering the data provided by Schlumpf et al. (1) Bolt et al. believe that our use of LongEvans rats was not acceptable for our study. To our knowledge, the OECD protocol (1) will not specify the rat strains to be used for the uterotrophic assay. Long-Evans rats have long been used in neuroendocrine and endocrine investigations. The hairless (hr/hr) strain was recommended to us for dermatologic studies by a European breeding institute. Because we used this strain, we were able to use Aghazarian et al.'s (2) recent rat skin penetration data, which were obtained on skin of the same strain, for a provisional estimation of dermal dosage. The hr/hr rats are derived from the OFA (Oncins France)-SD (Sprague Dawley) strain (IFFA CREDO, L'Arbresle, France).
We used dermal application by immersion in warm olive oil after discussing the method with other endocrine disruptor experts. We chose this method mainly for the following reason: The surface on the back of the immature animal available for application of compound is much smaller than in adult rats, and plasters that would not unduly disturb the immature animals could easily be removed by the littermates in the cage. When working with immature animals, a major requirement is avoidance of stress. The OECD protocol (1) immersion, carried out very gently, was well tolerated by the animals. Irrespective of the method used to calculate the dermally applied dose, the amount taken up by the animal can never be calculated with the same precision as with the oral or parenteral routes from the amount applied. The only solution is the determination of blood and tissue levels, which presently is in progress in our laboratory using gas chromatography-mass spectrometry.
As we stated in our paper (3), experiments were conducted on offspring of timepregnant rats. We recorded birth [occurring in the morning of gestational day (GD) 23, which is also postnatal day (PN) 1; GD 1 = 24 hr after mating period]; pups were then culled to eight per litter and observed daily. The development of uterine weight was studied in detail between PN20 and PN32 in Long-Evans and hairless rats (4) . These data clearly show that in both strains, uterine weight remains at the same level until PN 26. Thus, PNs 25 and 26 can be used in our strains. This is also evident from an analysis of histograms of frequency distributions of individual uterine weights in controls and treated groups from oral and dermal studies investigated at PNs 25 and 26 (5) .
With respect to OMC and Bp-3, our data are in full agreement with the data quoted by Bolt et al. The oral no-hormonaleffect levels Bolt et al. compared to our data were as follows: 250 vs. 522 mg/kg/day for OMC and 1,000 vs. 937 mg/kg/day for Bp-3. The lowest-observable-effect levels were 103 mg/kg/day for OMC and 1,525 mg/kg/day for Bp-3 in our oral study. The only difference is with 4-MBC, where no effect was seen after treatment with up to 1,000 mg/kg/day in the study quoted by Bolt et al., whereas we observed a significant increase in uterine weight at 119 mg/kg/day. Apart from rat strain, the main difference between the two studies is the route of application, subcutaneous versus oral (2) . Even though the subcutaneous route is thought to be slightly more sensitive in the uterotrophic assay, this may not be the case for all compounds. Controversial uterine weight data also exist for other chemicals with proven binding and transcriptional activity at estrogen receptors. This issue cannot yet be considered to be completely settled. In some cases with negative uterine weight data, other estrogen-sensitive parameters were influenced by the compound (6) . Recently, we corroborated increased uterine cell proliferation following dermal application of 4-MBC and OMC by demonstrating increased bromodeoxyuridine uptake (4, 5) .
In our view, Bolt et al. make inappropriate use of our data. There is international agreement that the uterotrophic assay can only serve a limited function as a test for in vivo identification of chemicals with estrogenic (or antiestrogenic) activity. To our knowledge, the uterotrophic assay is situated between in vitro screening tests and longterm studies (e.g., TG416) in the scenario for the investigation of endocrine disruptors conceived by the EDTA committee of the OECD, which initiated the validation of this test. The uterotrophic assay typically is an acute high-dose test. As discussed in detail in our paper (3), other known xenoestrogens such as methoxychlor, nonylphenol, bisphenol A, and o,p´-DDT also need to be applied at similar high doses to achieve a significant growth of the uterus in a few days (7) (8) (9) (10) . If one considers the complex organizational and activational actions of steroid hormones at different stages of the life cycle, it becomes clear that such acute data cannot provide a basis for longterm risk calculations. In view of possible differences in gene regulation patterns, it is also not possible to draw conclusions on long-term risk from a comparison of dosages of different estrogenic chemicals.
At first sight, it seems tempting to relate estrogenic activities of different chemicals to a phytoestrogen occuring in food and to use this for a unified evaluation of "in vivo estrogenicity." However, this concept presents serious scientific flaws, in particular with regard to an application to long-term effects. It is evident from the scientific literature of the last 10-15 years that estrogenic chemicals are not alike. First of all, there are important differences in toxicokinetics that are not considered by comparing daily intake. In addition, and this may be more important, estrogenic chemicals can differ markedly in their effects on gene regulation, not only quantitatively but also qualitatively. It is well known that even closely related chemicals, such as tamoxifen and raloxifene, exhibit different tissue selectivity, acting as agonist (tamoxifen) or antagonist (raloxifene) in one and the same tissue (uterus) (11) . Moreover, different compounds with agonistic or partial agonistic activity at estrogen receptors can recruit different coactivators/corepressors (11, 12) , and elicit different gene induction patterns, for example, in the uterus (13) . In a recent study on adult ovariectomized rats (14) , the effect of daidzein on mRNA expression in uterus differed qualitatively (up-or down-regulation) from that of bisphenol A for three out of six genes studied, and for DDT for two out of six genes. These differences in effects on gene regulation are not consistently revealed by simple measures of estrogenicity such as proliferation of cell lines or uterine growth. They may well matter in particular with long-term exposure. As a consequence, the principle of using a phytoestrogen such as daidzein (or ethinylestradiol) as a reference compound for estrogenic activity and extrapolating from the activity ratio calculated from acute data to long-term risk of chemicals with a different structure cannot be considered to represent a valid approach.
In our paper (3), we reported on acute in vitro and in vivo estrogen-like effects of UV screens. We deliberately abstained from extrapolation of these acute data to longterm exposure in view of risk assessment because this could not be considered to be scientifically sound on the basis of present knowledge. Much to our surprise, this is being done now by colleagues from both academia and industry. In our view, the calculation of safety margins for chronic exposure from our acute data is not acceptable on scientific grounds.
We insist that the effect levels of five UV screens in vitro and three compounds in the uterotrophic assay are in the range of other chemicals for which there is general agreement on the need for long-term studies on possible endocrine effects. Hence, we think that a solid risk assessment requires additional long-term studies, with particular reference to endocrine parameters, and a more detailed analysis of acute and chronic toxicokinetics.
